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[57] ABSTRACT 

Treatment of plating effluents, including al least chro- 
mium plating effluent and, in plants having it, zinc 
plating effluent as well as effluents from plating cop- 
per, cadmium, or nickel, removing from these efflu- 
ents the heavy metal ions. Hexavalent chron? i^][]i ions 
are removed directly, without first reducing them to 
trivalent forms, by addin g barium acetate. When other 
plating effluents are treated, the formed barium com- 
pounds are used as a coagijlant for their . hydroxides, 
which may be formed by mixing any of these other ef- 
fluents with the formed barium compound and adjust- 
ing the pH to the value enabling precipitation of the 
hydroxides. Sulfuric acid inay be used for this pH ad- 
justment, thereby also precipitating out any remaining 
barium ions in solution. 

14 Claims, 1 Drawing Figure 
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1 ■ ■ ■ 2 .■ ■ - 

REMOVAL OF HEAVY METAL IONS FROM ^ , 

PLATING WASTES Cr*** + 30H- - Cr(OHh 

using alkali hydroxides such as sodium hydroxide, so- 

D A i^vnor^i rTv;n r^c tuc rKn/nviTii^M carbonate, or calcium hydroxide. The most com- 

BACKGROUND OF THE INVENTION ^ ^^^^.^^ ^^^^ ^^^^ hydroxide as the 

This invention relates to the treatment of wastes from precipitant, but the resultant precipitate is soluble in an 

electroplating plants for reducing the amotmt of poUut- excess of the reagent, and precipitation is possible only 

ants in the effluents and removing the heavy metal ions after hydrolysis accomplished by prolonged boiling 

therefrom. with a considerable amount of water; even then precip- 

In recent decades there has been a considerable in- 10 itation is always incomplete, 
crease in the volume of indusitrial effluents being dis- This same prior-art process required considerable 
charged into sewers, resulting in pollution of streams, time and large installations. For this reaction* to treat 
rivers, lakes, underground waters and oceans. This pol- 100 pounds of chromic acid (after reduction) it has 
lution has made it necessary to place restrictions upon taken 120 pounds of sodium hydroxide or 159 pounds 
uncontrolled effluent disposal, and at the present time 15 of sodium carbonate, or 1 1 1 pounds of calcium hydrox- 
ihe discharge of industrial effluents is coming under the ide, to assure perfect stoichiometric reaction. So pre- 
strict control of local and federal authorities. cipitation, as well as reduction, has also been expen- 
Metal-finishing industries have to dispose of dilute sive. Precipitated chromic hydroxide is exceptionally 
effluents containing highly toxic heavy metal ions. So- voluminous and has very poor settling properties. Poor 
lulions such as electroplating plant effluents containing 20 coagulation of the precipitate may be improved by add- 
intolerable quantities of chromium and zinc ions are ing suitable coagulating agents, such as by adding ex- 
difficult to dispose of safely. pensive polyelectrolytes or by adding ferric corn- 
Presently known rticthods of removal of these heavy pounds, which would require additional quantities of 
metal ions from plant effluents have been wasteful of precipitant. Thus the process was expensive at every 
land, for they have required large areas for settling 25 stage. 

tanks or ponds, due to the slow settling rates of the vo- The effluents from most plating plants also contain 

luminous and gelatinous, metal compounds that were zinc ions as a waste from zinc electroplating processes, 

precipitated from effluent solutions treated by these In the majority of cases, zinc is plated by cyanide zinc 

prior-art methods.. plating processes. The effluent from the zinc cyanide 

Other known methods that have been proposed call process must first be treated to destroy the cyanide ions 
for expensive proprietary chemicals or expensive pro- by oxidizing them to carbon dioxide and nitrogen. The 
prietary integral process and equipment or both, and oxidation is carried out at pH 10 to 1 1.5, in most cases 
some of these methods do not offer complete removal using chlorine as the oxidizing agent. The effluent, 
of toxic ions from the treated solutions. Moreover, the once free from cyanides, contains sodium zincate 
commonly known methods have often required a num- Na2ZnOa. The conventional method for precipitating 
ber of consecutive chemical processes in order to ob- zinc from a sodium zincate solution has been by lower- 
tain the end in view. ing the pH to a value of pH 8.0 ±0.2 in order to precip- 

For example, effluent containing chromic acid, itate zinc hydroxide. Zinc hydroxide is amphoteric, but 

which is a compound of hexavalent chromium, has within these narrow limits of pH value the precipitation 

commonly been treated first by chemically reducing of zinc hydroxide is quanthative: 

the hexavalent chromium ions to a trivalent form and ^ — . v r\ii\ 

then by precipitating the trivalent chromium as chro- ZnOa + 2H Zn(OHH , 

mic hydroxide. However, reduction of hexavalent chro- The precipitated zinc hydroxide is gelatinous, volumi- 

mium is efficient and complete only when done at pH nous, has very poor settling properties, and is difficult 

2,0 to 2.5. Hence, the process of reduction has required to filter. 

adjustment of the pH of the collected effluents prior to r^»T^,»- * ^»wr- .,.T,.^r-vr-*.,^v. 

thi reduction process. Various strong reducing agents SUMMARY OF THE INVENTION 

such as sulfur dioxide, sulfurous acid, sodium sulfite, In this invention, the effluents from electroplating 

sodium bisulfite, ferrous sulfate or metallic iron have plants containing chromic acid Cr** or dichromates 

been used. For example: Cr** or mixture of both are precipitated by barium ace- 

«^ >x . . .«.,4. *4-.. . . tate as crystalline barium chromate: 

SHyp CrO< — + Ba++ BaCrO^ 

This reaction requires theoretically 96 pounds of sulfur 
dioxide to reduce 100 pounds of chromic acid. Alterna- 
tively, 100 pounds of chromic acid would theoretically 

require either ( 1 ) 156 pounds of sodium bisulfite plus The precipitation is instant, settling is rapid, the precipe 

74 pounds of sulfuric acid, or (2) 190 pounds of so- itate is compact, and if necessary, the precipitate can 
dium sulfite plus 147 pounds of sulfuric acid, or (3) ^ he readily filtered. BaCr04 after 15 minutes of settling 

843 pounds of ferrous sulfate plus 294 pounds of sulfu- time is more definitely separated than is Cr(0H)3, yet 

ric acid. So the reduction process of chromic acid to it occupies only about one-third as much volume as the 

trivalent chromium has required large quantities of rea- precipitated Cr(OH)3 after 15 minutes of settling. After 

gents and adequate equipment, and has therefore been a settling time of 1 hour, the volume of precipitated Ba- 

expensive. Cr04 is about one-seventh the volume of precipitated 

The second step in this prior-art process was the pre- Cr(OH)3, yet the BaGr04 is almost completely settled 

cipitation of trivalent chromium ions as chromic hy- whereas the Cr(0H)3 can stand for weeks without fully 

droxide: settling. 
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CfiOi - + 2Ba^+ + H2O 2BaCr04 -f- 2H^ 
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In plants where there is zinc plating, the effluent con- 3. Rapid turnover is possible, affording treatment of 

taining the precipitated barium chroniate may be a large amount of solution in a relatively short time in 

mixed with effluents containing sodium zincate. The a relatively small area. 

mixture of both effluents has a pH of about 1 1 .0. The 4. No reduction of hexavalent chfoniium is required, 
value of the pH can be adjusted to and maintained at 5 If the plating plant is one that also does zinc plating, 
pH 8.0 ±0.2 in order to precipitate the zinc hydroxide. then the solution of sodium zincate as described earlier 
The settling of the combined precipitates of barium is now mixed with the solution containing already prc- 
chromate and zinc hydroxide is rapid and is compact. cipitated barium chromate. Thus, an effluent 11 of so- 
After I hour of sedimentation, when its settlement is dium zinc cyanide, with free sodium cyanide is col- 
nearly complete, the volume of the mixed precipitates 10 lected in a tank 12 and moved by a pump 13 to a treat- 
though further advanced in separation occupy only ment vessel 14 having an agitator 15. There, the cya- 
aboiit 30 percent as much volume as do precipitates of nide ions are destroyed by oxidation, as with chlorine 
chromic hydroxide and ziric hydroxide after settling for from a vessel 16, fed into the vessel 14 through a valve 
6 hours. The filtering of the mixed precipitates of bar- 17, oxidation-reduction potential being controlled by a 
ium chromate and zinc hydroxide is easily performed, 15 suitable well-known control device 18. The effluents 
and the drying time of the sludge is greatly reduced. from the tanks 4 and 14 are sent to a tank 20 by pumps 

21 and 22. 

The mixture 23 of these two effluents is then treated 

The drawing is a flow sheet of a method embodying with sulfuric acid to adjust the pH of the mixture to pH 

the principles of the invention. 20 g q ± 0.2 as determined by a pH control device 26, A 

DESCRIPTION OF A PREFERRED EMBODIMENT ""j^f^ ^7 assures good mixing of the effluent mixture 

with sulfuric acid introduced from a contamer 24 via a 

The precipitation of chromic acid as barium chro- valve 25. Sulfuric acid has the advantage that there is 
mate by various water-soluble barium compounds can no need to add any other materials to help precipitate 
be carried out from an alkaline solution of chromic 25 jjjg remaining barium ions that have been added in ex- 
acid but cannot usually be carried out from dichro- cess to assure quantitative precipitation of barium 
mates unless an alkali acetate is added. Barium acetate chromate. When sulfuric acid is used, it will first pre- 
is an exception to this rule, for it quantitatively precipi- cipitate out barium as insoluble barium sulfate, and the 
tales barium chromate from both chromic acid and di- remainder of it is used to react with sodium zincate to 
chromates from neutral or slightly acid solutions. 30 pj-Q^j^ce zinc hydroxide: 

As shown in the drawing, effluent 1 containing hexa- 
valent chromium may be collected in a holding tank 2 Zn02 4- 21-1 -* Zn(0H)2 
where the effluent from chromium plating operations At the same time any other metal ions commonly 
containing <lilute chromic acid Cr'^^ may be combined used in electroplating operations and therefore present 
with dichromaies Cr^^ from other operations in the -^^ pj^^^^ effluent such as copper, cadmium and nickel 
plating plant such as chemical conversion coalings, etc. can be precipitated out as metal hydroxides: 
in any combination. The effluent 1 is moved from the 

tank 2. by a pump 3 to a precipitation tiank 4, where a ^"^^ + 20H Cu(OH)2 
metered amount of barium acetate solution 5 from a Cd'^^ + 20H" -* Cd(OH)2 
tank 6 is added to the chromium plating effluent via a 'yr^w,- MvriH^ 
valve 7, which may do the metering. Preferably, the so- + -iUM - Ni(UH)2 
lution in the tank 4 is agitated by a mixer 8. The addi- Effluents containing these metals may be treated along 
tion of the barium acetate solution 5 causes a precipi- with the zinc cyanide, if they are cyanides, or otherwise 
tate of barium chromate, acetic acid being the remain- may be sent directly to the tank 20. As stated earlier, 
ing component. Theoretically the barium acetate and the settling of the combined precipitates (barium chro- 
chromic acid or dichromate can be completely reacted mate, barium sulfate, zinc hydroxide and all other 
by calculating the exact amounts, but as a matter of metal hydroxides) is rapid due to the fact that the bar- 
practicality it is normal to add a slight excess of the bar- ium chromate and barium sulfate act as an excellent 
ium acetate to insure precipitation of ail the chromium. coagulant for the metal hydroxides, particularly the 
The precipitation is instant, and the material rapidly most difficult to filter, zinc hydroxide, which is espe- 
settles. cially voluminous and gelatinous. 

If desired, this particular precipitation reaction can Once again the effluent is sent to a separator device 

be completed (see box 9) by simply filtering out or cen- 30 such as a settling tank, filter or centrifuge, 

trifuging out the barium chromate or by letting it settle A comparison of certain aspects of the present inven- 

in a settling tank and then disposing of the remaining tion with corresponding aspects of the prior art are 

solution as by decanting. If an excess of the barium ace- being set forth in tabular form: 

tate has been used, the filtrate or decanted liquid can Table I 

then be treated with sulfuric acid or sodium sulfate to 



precipitate the remaining barium ions so that the efflu- g^^^ Comparative Chamcteristics of Chromium Precipitates 

ent will also be free of barium. If setthng is used, a re- Cr(OH)a BaCfO^ 

tention time of 2 hours is preferably allowed. If the Structure amorphous crystalline 

plating plant does not do any zinc plating, this com- vo1Lm?unit" ^ ^'"^ ""'^ 7 5 ! 

pletes the method, and this process has the following Decantation not practical convenient 

advantages over prior methods: 5!'^'^^^?", ^ . . P**"' excellent 

, n ^ • . ». "5 Filtered sludge drying — 

1. Precipitation is much more rapid. x^^^^^ ^ni, * ' * ^ , 

2. The volume of the precipitate is much smaller and • ■— 

more easily filtered or disposed of. 
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Table 2 



Structure 
SedimentJiiion — time unit 
Volume unit 
Dec'.inlation 
Filtnition 

Filtered sludge drying — 
time unit 



Some Companilive Chanicleristics of Combined 
Precipitates of Chromium and Zinc 

Cr< OH h and Zn< OH )u BaCtO^ and Zn( OH 



amorphous — getutinous coagulated 
5 I 
3 I 

not pructical convenient 

poor excellent 



The filtrate contains sodium acetate, sodium sulfate EXAMPLE S 

and sodium chJbride. these materials are acceptaWe to n/. i , ^ t . , ■ 

most sanitary sewer systems. 15 ^^^f^^'""^ P^^"^ iUiXX aho does cadmium 

cyanide and copper cyanide plating as well as chro- 

EX AMPLE 1 niium plating and zinc cyanide plating, the combined 

dilute wastes from all cyanide processes are treated to- 

A thousand gallons of dilute effluent from, the pro- gether by chlorination process in order to destroy cya- 

ccss containing what is considered to be a maximum nides. After destruction of cyanides is accomplished, a 

concentration under normal operating conditions con- thousand gallons of the alkaline effluents, pH about 

taining an estimated amount of 5 pounds of chromic 1 1 .0, containing zinc plus copper (typical average con- 
acid or 600 ppm CrOa is treated with 60 gallons of centration 50 ppm), and cadmium (typical average 

water solution containing 12.5 pounds of barium ace- concentration 50 ppm) were added to the tank which 

tate Ba(C2H3O2)2.H20. The itiaterial is mixed thor- _ contains the precipitated barium chromate. The pH 

oughly and the precipitate is very rapidly formed. The ^ value of the mixture is adjusted to pH 8.0 ±0.2 by add- 

barium acetate is added in slight excess. To remove the ing approximately 8 pounds of sulfuric acid and is agi- 

excess barium ioiis, about one pound of sodium sulfate tated. After settling for 1 hour, the contents of the tank 

NajSO^.lOH^O is added: are decanted and filtered. The filtrate containing so- 

33++ SQ — BaSO 30 ^^^^ chloride, sodium sulfate and sodium acetate goes 

to the sewer. The sludge containing water-insoluble 
After settling for about 1 hour the contents of the tank barium chromate, barium sulfate, zinc hydroxide, cad- 
are decanted and filtered, and the filtrate containing mium hydroxide and copper hydroxide is dried and dis- 
sodium acetate, and sodium sulfate goes to the sewer. posed of as land fill. 
The sludge containing water insoluble barium chro- 

rnate BaCrO^ and barium sulfate BaS04 is dried and EXAMPLE 4 

disposed of as lan^ fill. ^ .^ When the plating plant is one that does chromium 

PYAMPI P -) : . plating, zinc cyanide plating, cadmium cyanide plating, 

liAAiyil'Lh.2 copper cyanide plating and also nickel plating, then a 

A chromium plating effluent containing chromic acid 40 separate stream of dilute wastes from the nickel plating 

joined by other streams containing dichromates from process is directly added to the tank with precipitated 

other processes and a separate streani carrying wastes barium chromate. The dilute wastes from the nickel 

from a zinc plating operation is treated as follows: plating have average Ni concentration of 20-100 ppm 

1 ,000 Giallons of dilute effluent containing^ chromic and the pH value is in the range of pH 6-7. The adjust- 

acid and dichromates totaling 600 ppm of hexavalent 45 ment of the pH value of the total mixture is exactly the 

chromium, calculated as CrOa in the amount of 5 same as described in Example No. 3. After agitation, 

pounds, is treated with 60 gallons of water containing followed by settling for one hour, the contents of the 

12.5 pounds barium acetate. The material is mixed tank are decanted and filtered. The filtrate containing 

thoroughly and the precipitate of barium chromate is sodium chloride, sodium sulfate and sodium acetate 

immediately formed. At this point 1,000 gallons of al- 50 goes to the sewer. The perfectly coagulated sludge con- 

kaline effluent, containiiig sodium zincate (after the taining water-insoluble barium chromate, barium sui- 

destruction of cyanides) and having a pH value of fate, hydroxides of zinc, cadmium and copper and also 

about 1 1.0 and containing a typical maximum of 50 quantitatively precipitated and water-insoluble nickel 

ppm of zinc, is added to the tank which contains the hydroxide is dried and disposed of as land fill, 

precipitated barium chromate. The pH value of the 55 I claim: 

mixture is adjusted to pH 8.0 ± 0.2 by adding approxi- 1. A process for treatirig plating plant effluent con- 

mately 8 pounds of sulfuric acid and is agitated. As taining hexavalent chromium ions to remove the chro- 

stated earlier, the settling of combined precipitates of mium ions comprising 

barium chromate, barium sulfate and zinc hydroxide is adding thereto barium acetate in an amount suffi- 

rapid, due to the fact that the barium chromate and 60 cient to precipitate substantially all of the hexava- 

barium sulfate act as an excellent coagulant for gelati- lent chromium ions as barium chromate and 

nous and voluminous zinc hydroxide. After settling for separating the barium chromate precipitate from the 

1 hour, the contents of the tank are decanted and fil- solution, to provide a solution from which the chro- 

tered. The filtrate containing sodium chloride, sodium mium ions have been quantitatively removed, 

sulfate and sodium acetate goes to the sewer. The 65 2. The process of claim 1, including 

sludge containing water-insoluble barium chromate, adding after completing the addition of barium ace- 

barium sulfate and zinc hydroxide is dried and disposed tate a solution containing a substance chosen from 

of as land fill. - the group consisting of sulfuric acid and watcr- 
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soluble sulfates in a slight excess, sufficient to pre- 
cipitate the barium ions, and 
separating the barium sulfate precipitate from the so- 
lution. 

3. The process of claim 2, wherein said substance is 
added before the step separating the barium chromate 
but after precipitating the barium chromate, and both 
the barium chromate and barium sulfate are separated 
simultaneously from the solution. 

4. The process of claim 3 wherein the separating is 
done by settling and decanting. 

5. The process of claim 3 wherein the separating step 
is done by filtration. 

6. The process of claim 3, including adding a second 
plating effluent containing other heavy metal ions after 
the barium acetate has been added and mixed and be- 
fore the separating step, and 

. adjusting the pH of the mixture before separation so 
as to precipitate the hydroxide of the other heavy 
metai ions, said barium chromate and barium sul- 
fate being used as coagulants to hasten separation 
of the precipitated hyroxides from the solution, 

7. The process of claim 6 wherein said second plating 
effluent contains at least one metal chosen from the 
group consisting of zinc, copper, nickel, and cadmium. 

S, A process for treating plating plant aqueous efflu- 
ent containing hexavalent chromium ions as a soluble 
compound chosen from the group consisting of chro- 
mic acid and alkali metal and ammonium bichromates, 
to remove the chromium ions, comprising sequentially 
adding thereto an aqueous solution of barium acetate 
in an amount sufficient to precipitate substantially 
all of the hexavalent chromium ions as barium 
chromate, 

adding thereto in aqueous solution a substance 
chosen from the group consisting of sulfuric acid 
and the water-soluble sulfates in an amount suffi- 
cient to precipitate all remaining barium ions in so- 
lution as barium sulfate, and 

separating the barium chromate and barium sulfate 
precipitates from the solution, 

leaving a solution that can be disposed of more safely 
than the original said effluent. 

9. The process of claim 8, including 

adding, after the step of adding the barium acetate 
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8 

and before the step of separating, at least one other 
plating effluent containing metal ions of at least 
one metal chosen from the groups consisting of 
zinc, nickel, copper, and cadmium, and 
5 adjusting the pH of the resulting mixtures to an 
amount where the hydroxide oif each said metal can 
precipitate, 

said barium chromate and barium sulfate serving as 
coagulants for such hydroxide. 
10 10. A process for treating aqueous plating plant efflu- 
ents, in which there is a first effluent containing hexa- 
valent chromium ions and a second effluent containing 
zinc ions that have been converted to sodium zincate, 
comprising the following steps: 
15 adding a solution of barium acetate to said first efflu- 
ent in an amount sufficient to precipitate substan- 
tially all of the hexavalent chromium ions as bar- 
ium chromate, 
mixing the resultant mixtures with said second efflu- 
20 ent, 

adjusting the pH of this mixture of effluents to pH 8, 

to precipitate zinc hydroxide, 
said barium chromate acting as a coagulant to hasten 

coagulation of the zinc hydroxide and 
25 separating the precipitates barium chromate and zinc 

hydroxide from the solution. 

11. The process of claim 10, adding after completing- 
addition of the barium acetate a substance chosen from 
sulfuric acid £md the soluble sulfates in aqueous solu- 

30 tion, to precipitate any barium ions remaining and in 
solution, 

removing the precipitate therefrom. 

12. The process of claim 10 wherein said pH is ad- 
justed to pH 8 by sulfuric acid, thereby also prccipitat- 

35 ing as barium sulfate and barium ions remaining in so- 
lution. 

13. The process of claim 12, including adding at 
about the same time as said second effluent a third plat- 
ing effluent containing at least one soluble salt of at 

40 least one metal chosen from the group consisting of 
copper, cadmium, and nickel. 

14. The process of claim 10 wherein the separating 
comprises settling for at least one hour and then de- 
canting, filtering the decanted liquid. 
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tt is cerlifietJ that tiffor appears in Ihe above-identified patent and that said Letters patent 
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"and barium ions" should read —any barium ions — • 

Signed and sealed this 6th day of May 1975. 
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C. MARSHALL DANN 
RUTH C. MASON Commissioner of Patents 

Attesting Officer and Trademaxics 
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ABSTRACT: The hexavalent chromium content of a queous 
chlorate -containing electrolyte solution employed in elec- 
trochemieal machining or grinding operations may be reduced 
through reduction to the trivalent chromium state from which 
it will precipitate as hydrous chromic oxide or by removal in 
th e hexavalent state by precipitation as a barium, lead, zinc^ 
qobalt or co pper salt The removal of trace hexavalent 
chromium values from a chlorate-containing electrochemical 
machining electrolytic solution reduces the fire hazard attend- 
ing the use of chlorate-<:ontaining solutions which may ac- 
cidentally wet an organic material such as an operator's 
clothing and subsequently dry to form an extremely combusti- 
ble mixture; Likewise, the removal of trace hexavalent 
chromium values from an aqueous chlorate-containing solu- 
tion reestablishes the flame-retardant activity of an additive 
such as sodium metasilicate or sodiiim hydroxide which activi- 
ty is reduced in the presence of trace hexavalent chromium 
ions. 
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ELECTROCHEMICAL MACHINING WITU FIRE- 
RETARDANT SOPIUM CHLORATE COMIH>SITIONS 

BACKGROUND OFTHE INVENTION 

Alkali mtal and aramoniuni chlorates, specially sodium 
chlorate, are ideal dectralytcs for use in electrochemical 
machining bperatioiis. The major problem attending their use 
reiidcs in their tendency to rapidly oxidize combustible 
materials, the advantages and problems residing in the u$e of 
chlorates as the electrolyte in electrochemical machining 
operations are summarized in the article appearing in Metal 
Progress, March 1967, pp. 81-84. For example, when some of 
the chlorate-containing electrolyte comes into contact with 
tlic clothing of the operator, or any combustible material near 
an etectrochemicel machining operation, the tendency to in- 
itiate fire is great after the wetted material has dried. 

By electrochemical machining operations it is intended to 
include those operations by which a workpiece is machined, 
milled, or ground so that the metal is removed by an elec- 
trochemical process to produce shaped or curved structures. 
Likewise, those electrochemical processes by which a hole is 
bored into or through a workpiece or the surface of a work* 
piece is smoothed is embraced by the expression elec- 
trochemical machining operations. The workpiece to be 
shaped functions as the anode in electrically conducting rela- 
tionship with the cathode die through a suitable electrolyte. 
Some electrolytes used in electrochemical machining are 
described in U.S. Pat. No. 2.798,846 to Comstock, issued July 
9, 1 9S7 as NaNOj, Na^CrO^. KNOs, KfirO^, the amines of sodi- 
um nitrate, sodium and potassium dlchromatc» sodium and 
potassium chlorate and sodium and potassium chlorite. Essen- 
tially, the selection of the electrolyte is based upon its con- 
ducting properties, its tendency to attack the electrodes, its 
performance in electrochemical machining operations and its 
cost. Comstock mentions the rusting of a workpiece and its 
prevention through the use of a rusi-inhibiting agent as the 
electrolyte. 

Electrochemical machining or grinding embraces those 
procedures which employ a metal or metalloid material as a 
workpiece from which material is to be removed via elec- 
trolytic attack. The workpiece is the anode while the die or 
grinding wheel is connected as the cathode and the electrical 
circuit is completed from anode to cathode by the electrolyte 
(alkali metal or ammonium chlorate). The electrolyte may be 
directed into the work gap through the cathode if a hollow 
electrode is employed or the electrolyte may be presented to 
the work gap by any means known to the art. The solution of 
electrolyte is held in a reservoir from which it may be fed to 
the work gap and back to the holding reservoir. Sludge which 
forms in the electrolyte solution will slowly settle out in the 
holding reservoir yieldmg a thickened slurry which way be 
removed by filtration. 

Sodium chlorate is an excellent electrolyte for elec- 
trochemical machining operations. Sodium chlorate solutions 
used as the electrolyte in electrochemical machining are typi- 
cally aqueous solutions containing about 320 grams per liter 
NajClO,. A typical solution is one containing 3 pounds of 
sodium chlorate per gallon, which is equal to 359 grams per 
liter. Hence, a typical electrochemical machining electrolyte 
may be considered to be an aqueous solution containing from 
about 300 to 400 grams sodium chlorate per liter. The used 
electrolyte solutions, usually of pH above about 6 to 7, contain 
precipitated hydroxides of the metal removed from the work- 
piece. For example, where the workpiece contains iron, nickel 
or chromium, the corresponding iron, nickel or chromium 
hydroxides are formed. 

In the electrochemical machining of chromium-containing 
alloys, some soluble sodium chromate is introduced into the 
sodium chlorate electrolyte. The introduction of trace 
amounta (normally between about 0.02 to 2.0 grams as Cr per 
liter), of sodium chromate into the electrolyte actually in- 
creases the fire hazard attending the chlorate and its action on 
combustible organic material. Hence» any flame-retardant ad- 



ditive will have to (Unction in the presence of at least low con- 
centrationd of dissolved CrO^'* ions. It is also important that 
any additive must not change the characteristics of sodium 
chlorate in its operation as an electrolyte. Howeverp It is moat 
5 desirable that an additive both act as a flame retardaat and im- 
prove, or not impair the properties of sodium chlorate as an 
electrolyte. 

Actually, in a standard testing procedure, where the burning 
time of a cotton twill strip l.S inch wide and 52 inches in 
length is determined, the burning time for untreated cloth is 
about 36 seconds, whereas the burning time for the cor- 
responding cloth which has bee dried after impregnation with 
about i gram of sodium chlorate solution per gram of cloth 
. under conditions of controlled humidity at room temperature, 
will vary from about 6 seconds to about 12.6 seconds, based 
lipbn the relative humidity of the drying atmosphere of 20 per- 
cent for the former and ^bout 52 percent for the latuf. As the 
amount of hexavalent chromium present with the chlorate in- 

2Q creases, the burning time for the test cloth dried at 20 percent 
relative humidity will increase to 4.1 seconds at 0.05 gram 
Cr***" per liter; to 3.2 seconds at Q.l gram Cr*' per liter, to 1 .9 
seconds at from 0.5 to 2.0 grams Cr^ per liter. 
It has recently been discovered that flame-retardant addi- 

25 tives may be included with an alkali metal or ammonium 
chlorate as the electrolyte solution in electrochemical machin- 
ing and grinding operations. The Oame-retardant additives 
such as sodium metasilicate and sodium hydroxide greatly 
reduce the burning time of cotton cloth which has been wetted 

30 with a chlorate-containing solution and subsequently dried. 
However, this flame-retarding influence is somewhat 
diminished when hexavalent chromium is introduced into the 
electrolyte solution form oxidized chromium metal found in 
alloys machined by electrochemical techniques. 

35 It is an object of this invention to decrease the fire hazard 
attending the use of chlorate-containing solutions when or- 
ganic matter is wetted by such a solution and dried. 

It is an additional object of this invention to reestablish the 
fire-retardant ability of such additives as sodium metasihcate 

40 and sodium hydroxide incorporated into chlorate-containing 
electrolytic solutions for use in electrochemical machining 
and grinding operations. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

In accordance with this invention, it has been discovered 
that the fire-accelerating effect of chlorate-induced com- 
bustion created by the presence of trace hexavalent chromium 
ions in an aqueous chlorate-containing solution may be 
avoided by reduction or removal of the hexavalent chromium 
ions. 

More specifically, it has been found that the hexavalent 
chromium ion content, which is introduced into the aqueous 
sodium chlorate electrolyte solution employed to elec- 

55 trochemicaily machine a metal alloy containing chromium by 
oxidation of the chromium metal to the hexavalent chromium 
state (e.g. CrO^'*), may be removed by the regular addition of 
a reducing agent such as an alkali met&l or ammonium sulfide, 
stannous salts such as SnS04, SnCls and the ferrous salts such 

60 89 PeSO^, FeClg and Fe(N03)i to the chlorate-chromate<on- 
taining solution to reduce the chromate ion to the trivalent 
chromium valence state in which state the chromium 
precipitates from solution as hydrous chromic oxide. The 
reducing agent must not react with the alkali metal or am- 

65 monium chlorate in the aqueous solution under the elec- 
trolytic conditions employed (i.e. above pH 6 with from about 
300 to 400 grams NaClOs per liter). 

An especially applicable and the preferred reducing agent is 
the ferrous Fe^') ion, added to the hexavalent chromium-ion- 

70 containing solution as a soluble salt, such as the chloride, 
sulfate or nitrate. An alkali may be added in combination with 
the ferrous salt to prevent acidification of the electrolyte solu- 
tion through formation of HCl. H^So^. etc. coming from the 
ferrous salt The overall reaction involved in this process tak- 

75 ing place in aqueous solution may be noted as: 
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6FeS04 + 2Na2CrO* + ^NaOH~^ ^FeiOz ■ nH^O 

H- Cr203 ' xHtiO+ ^^o^SOa 

The values of n and x vary with conditions of the precipitation. 
The hydrous oxidea of Fc*^ and Cr"^' thus formed are the same ^ 
type of compound as the metal hydroxides or hydrous oxides 
comprising the sludge normally encountered in electrochemi- 
cal machining operations and the Cr^s.xHxO does not 
noticeably accelerate the burning of cloth when wetted with 
the chlorate solution, dried and ignited. The hydrous oxides of ] q 
Fe"^* and Cr"^^ may then be removed from the electrolytic solu- 
tion along with the sludge derived from the metal coming from 
the machining of the workpiece by filtration or some other ap- 
plicable procedure known to the art. After this treatment, only 
a few parts per million of hexavalent chromium ions remain 15 
dissolved in the electrolyte. 

The addition of a reducing agent to the hexavalent chromi- 
um-containihg electrolyte may be made at any stage of an 
electrochemical machining operation. The hydrous chromium 
oxide and hydrous iron oxide will remain in suspension in the 20 
aqueous electrolyte along with the metal hydroxides or 
hydrous oxides formed during the machining operation until 
they are removed by known methods such as filtration. How- 
ever, it is preferred to add the reducing agent to the aqueous 
electrolyte just prior to the sludge removal step in the elec- 25 
trochemical machining or grinding cycle. The reducing agent 
may be well mixed with the electrolyte to afford the optimum 
reduction of hexavalent chromium. By this procedure, the 
hexavalent chromium level may be maintained at a very low 
level in the chlorate electrolyte solution. 30 

If it is not desirable to employ a reducing agent to remove 
trace amount of hexavalent chromium ions from the chlorate- 
containing solution, the chromate ions may be removed 
through precipitation of an insoluble chromate salt. 

In accordance with this second aspect of the invention, the 35 
aqueous chlorate-containing electrolyte solution which has 
been contaminated by jCr^ ions may be treated with a small 
excess of the required stoichiometric amount of a soluble salt 
containing a member selected from the group consistmg of 
divalent barium, lead, zinc, cobalt and copp er.^ The anions 
7orming soluble salts vi^ith these cations are for example the 
chlorides, nitrates, etc. However, it is preferred to add these 
rieagents' already formulated into an aqueous solution as a 
nitrate and introduce the reagent in the electrolyte solution 
just prior to sludge removal so that the BaCr04, CoCr04, Pb- 
CrO^. ZnCro4 or CuCrO^-CuO precipitate may be removed 
with the sludge. 

Similarly, a low concentration of one or more of the added 
metal ions could be maintained in the electrolyte solution at 
all limes to precipiiate hexaval enij^hrpjmjuni ions as they are 
formed. Barium is the preferred reagent in this situation 
because it will remain solubilized in an alkaline electrochemi- 
cal machining electrolyte 

EXAMPLES I-V 55 

To determine the effect of hexavalent chromium ion 
removal from chlorate-containing electrochemical machining 
electrolytes, he following experiments were conducted. In 
each example, a strip of cotton twill 6 feet by 1.5 inch was 
soaked in the test solution, wrung out and dried under con- 
trolled conditions of 20-pcrcent relative humidity and room 
temperature. The cloth strips were then hung vertically and ig* 
nited at the bottom with a 0.5-inch flame (small source). The 
time required to bum (or char) a 52-inch section of cloth was 65 
determined. In its original state, without treatment, this stan- 
dard cloth burns in 36 seconds. Hence any treatment of the 
chlorate-containing electrolyte solution which will prevent the 
rapid burning that is produced by an alkali metal or ammoni- 
um chlorate is an effective fire-retardant treatment. In each 70 
test, the cloth strip was loaded with about I gram of solution 
per gram of cloth. Each solution contained 400 grams sodium 
chlofate per liter. This concentration approximates the usual 
concentration of chlorate used for electrochemical machining 
{ 3 pounds per gallon»3 59 grams per liter). 



EXAMPLE I 

The burning time for cloth impregnated with unused elec- 
trolyte solution containing 400 grams NaCflOa per liter and no 
hexavalent chromium was 6.0 seconds. After this electrolyte 
was used in electrochemical grinding of 304 stainlecs steel 
containing about 20-peFcent chromium, the chromate con- 
centration of the aqueous electrolyte was about 0.5 gram of 
chromium per liter and the burning time for cloth im- 
pregnated with the resulting solution was 4. 1 seconds. When 
the chromium content of the used electrolyte rose to 0. 1 gram 
per liter tlie burning time was 3.2 seconds; at 0.5 gram chromi- 
um per liter a burning time of 1 .9 second was observed. 

EXAMPLE a 

An electrolyte containing 400 grams NaCltts per liter and 
1 2 grams NaOH per liter as a flame retardant was employed as 
the electrolytic solution for an electrochemical grinding 
operation. The resulting solution contained 0. 1 grani chromi- 
um per liter as CrO^'^ and resulted in a cloth-buming time of 
12.5 seconds. To 1 liter of the used solution was added 20 mil- 
liliters of an aqueous solution containing 0.97 gram FeSO^ 
(110 percent of theory) and 10 milliliters of an aqueous solu- 
tion containing 0.34 gram of NaOh. After removal of the 
precipitate, the chlorate-containing solution retained less than 
10 parts per million of chromium and gave a burning time of 
70 seconds. 

EXAMPLE III 

An electrolyte solution of 400 grams NaCIOs per liter and 
5 1 grams per liter of Na^SiO^ as flame retardant was used for 
electrochemical grindmg as in example IL The final liquid 
phase acquired 0.5 gram chromium per liter as soluble chro- 
mate. As in example U, solutions containing 4.85 grams of 
FeSo^ and 1 .7 grams of NaOH were added sunultaneously but 
separately. The treated liquid contained less than 10 parts per 
million chromium and resulted in a cloth-burning time of 250 
seconds as compared to a burning time 6.9 seconds for the 
solution prior to chromium removal when ignited with a 4- 
inch gas flame (large source ). 

EXAMPLE IV 

Under the conditions specified in example II, but without 
addition of FeSo^ or NaOH. 0.338 gram of Ba(OH),, as a 5- 
percent aqueous solution was added to 1 liter of the used 
chlorate solution. BaCrO^ precipitated leaving less than 10 
parts per million of chromium in the liquid phase. The burning 
time of cloth impregnated with the resulting solution was im- 
proved to 70 seconds. The amount of Ba(OK>a added in this 
example is 105 percent of the amount theoretically needed to 
precipitate the dissolved hexavalent chromium. 

EXAMPLE V 

Under the conditions specified in Example III, but without 
addition of FeSO^ and NaOH, 3.26 grams of Pb(NOa), as a 20- 
percent aqueous solution was added to 1 liter of the used elec- 
trolyte. PbCrO^ precipitated and was removed to leave a 
mother liquor containing less than 5 parts per million of dis- 
solved chromium. The burning time for cloth impregnated by 
the remaining solution was 250 seconds. The amount of 
Pb(N03)2 added in this example is 105 percent of that 
theoretically needed 10 precipitate the dissolved hexavalent 
chromium. 

Having disclosed the invention, it will become apparent to 
those skilled in the art that obvious modifications may be 
made which do not depart from the true spirit of this contribu- 
tion. For example, reducing agents other then ferrous salts 
may be employed to convert hexavalent chromium ions to the 
trivalent state. For example, any reducing agent may be em- 
played that does not reduce the sodium chlorate or any flame- 
retardant additive present in the electrolyte. Likewise other 
means for removing hexavalent chromium from the aqueous 
chlorate-containing solution may be used such as various inor- 
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ganic salts which fonn insoluble chromatea. Therefore, the CK- 
ampler herein presented are intended to be illustrative of the 
inventive concepts rather than limilalionfi upon the actual 
scope of this contribution . 
What is claimed is; S 

1, In an electrochemical machining process in which a metal 
is removed electrochemically from a chromium-containing 
workpicce by the application of electrical current from a 
cathode die to the workpiece anode through an aqueous solu- 
tion containing an electrolyte selected from the group consist- 1 0 
ing of an alkali metal chlorate and ammonium chlorate, the 
improvement which comprises reducing organic material 
combustibility by removing hexavalent chromium ions from 
said aqueous chlorate-containing solution by introducing into 
said solution at least one member selected from the group 15 
consisting of the soluble salts of divalent Fe, Sn, Ba, CO, Pb, 
Zn, Cu, an alkali metal sulfide and ammonium sulfide and 
removing the precipitate. 

2. The process of claim 1 iii which said hexavalent chromi- 

20 



um is reduced to trivalent chromium by the Introduction into 
said aqueous chlorate solution of at least one member selected 
from the group consisting of an alkali metal sulfide, (NH4)|S, 
FeCl,. FeSo4. Fe(NOj)8, SnSo^ and SnCl,. 

3. The process of claim 1 in which said hexavalent chromi- 
um is reduced by the ferrous salt which is introduced into said 
chlorate solution with sufficient alkali to neutralize any 
generated acid. 

4. The process of claim 1 in which said hexavalent chromi* 
um is precipitated from said aqueous chlorate solution by the 
introduction of at least one member selected from the group 
consisting of soluble salts of divalent barium, lead, zinc, cobali 
and copper. 

5. The process of claim 1 in which said soluble salts are 
selected from the group consisting of chlorides and nitrates. 

6. The process of claim 4 in which said soluble salts are 
nitrates. 
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